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ECR ION SOURCE BEAMS FOR ACCELERATOR APPL

BRIAN RuSFiAK f4NDvVA’<NE D CORNELIUS
LOSAlamos ~Jatlonal Laborator~

Abstracy

CATIONS”

Reliable. easily o~erated Ion sodrces are always in demand for accelerator

applications This paper repo~s on a systematic study of Ion-beam characwrls~lcs

and Opt,m,zat,on Of beam qual, ty for produ~tlon of I,ght Ion beams ,n G , ECR

,on source. Of paizlcular Interest Is the optlmlzatlun of beam brightness

(defined as Ion current d’v’ded by the square of the emlttancel. which IStyplcall~

used as a figure-of-merit for accelerator-q uallty beams Other areas to be

dltc~ssed lncl’Jd~ threemeasurement of bealn emlttance values the effects of

various source parameters on emlttances. and scallng effecls from operating the

same ECR source at different frequenoes

IntrOddC?lOn

The electron cyclotron resofiance (ECR) ion source has many desirable prop-

eqles that make Itan attractive prospect for accelerator applications Among

the most favorable aspects are the rellablllty. reprod~ciblllty. dnd relahve

slmpl,clty of the source As a result. a s~udy was Undertaken tc examine the

posslblllty of ujlng an ECR source asa high-brlqhtnesshydrogen Ion source

Theory

The fact thaI_ .~n ECR source IS superlative In creating high charge staws of

heavy Ions at the sub-ml 11,ampere i=tiel Iswell accepted ‘-tihe~her thlsso~rce

Type can be ex?ended to provide a muhl-milliampere proton beam of sufficient

quallty for high-brlghrness appllcatlont was the general foc~sof the’se experi-

ments Thegenerdl approach In the Theoretical arlalysisof the ECR beam quality

ISto assume rhat any rciatlofi of the beam due to extraction from a solenold

magnet AIII show Up as a ~erpend, cular energy term that Increases the

Fmiltance We USed I agranglan mechan, cslo derltie the perpenrilcU larenerg Y

‘Work suppcrted by !he u S Depammen!of Energy



(11

usl~g a Drevlody derived equation for the emltta~ce of a beam extrac~ed

from a Dlasma alone.’

The Per PendlcUlar energy can be added (sI~PIy) to the Ion temperature to gl~e a

composite emlttance

1, [3!

-where lcT Is the Ion temperature. B Is the magn~~lc InductIon In the extrac~or

region. r Istne radius of The apenure. and m IS the Ion mass

In th, s com Des, te emlttance, the perpendlc~lar energy term (1) scalps

Inversely Vwth the ion mass, whereas the temperature term (2) scd~es lflveme~y

-wllh the square-root of the mass Hence. for heavy Ions (~. > ?) tl e erm, ttance

Is generally dominated by the temperature term (except for large radll aper-

tures) Consequently, at a given frequency. the emlttance for a heavy ion beam

shou!d be ,ess than II ISfor protons by the Inverse Square -rocl of the “on majs

TO bette, relate the emlttance to the actual merit of the transported beam.

the concept f.~fbeam brightness was Introduced asa quantitative meazure of

beam qUal@ The brightness Isdeflned as the beam current [In ml’llarrlperesl

dlvlded by the p’odue of the transverse emltlances (equal to the square of r~~

Uansverse QmlHan Ce for the case ofcyllndrlcally Symmetric beam) ‘h,s. III

effecl. IS a measlJre of the transportable Ion current If the composite e~ trance

Eq (3 I ISUsed In the brightness equation. with the Ion current densl?y derived

from The plasma DiIrame!erS-

!; = En.,J

#{here n 15?he plasm adenslty and u IS the Ion ~eloclty at tFIe shleatl’.



Frorn Eq (Si.-w-e can der, ve Ehe follo,%, ng -,cal,ng rules

for fixed ~o~tier

with

~,th

where P,ar If the rf dr, ve Dower requ, red to bring the plasma density Up 10 The

saturation level detelm, ned by the electror, plasma frequency

From Eq (6) we can deduce lhatat low B. the Ion temperature dorn, nates~he

ernittance increasing the magnetic field In the region of the extractor tends tc

enhance plasma confinement This purely geometric effect stems from the

Increased rmagnetlc flux density passing through the extraction a~enure This

cGnf, nemen~ effect gIve~ a I,near relation ot brlghtnessto B At higher B the

perpendicular energy term dominates the emlttance so that the br, gh~ness then

scales w,th The Inverse of B

From Eq (71 -w,th rf pofi-er greater than The saturation power. the brightness

XaleS as the square root of?he drive power because Ions entering the sheath

tiawe a ~ploc,ty U_ >\=ikT@m j (Ref 2) Therefore. beam current scales as Ihe._.
square rool of P because the electron temperature scales Ilnearly -with ~oi+er

For rf power less than the saturation value level. this square-root seal, fig

comb,lles =~,th the I,near Increase of ~lasnla density %,th pow-er to y,eld a

br, gtitn~ss ?hat scales as the pow-~r raised [0 lF,Q three halwes
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C.4MBEfi

To allow the rf pow-erto ~ass?hroi~gh the first ECR resonance ,n the

,ncreas, ng magne~, c f,~ld reg, on. the del, very w-avegu, de Iscorripletely filled

●%lth boron nltrlde to suppress plasma formation The boron n,tr, de also ac[s as a

tiacki?o~ for electrorls baclcstream~ng throl~gh the extractor and pro[ec?s the ri

w,ndc=+i Beam parameter, za*, Gn IS done vwl~h four t!asIc tools the Faraday CUp

The mm analyzer. z the emll~afice s’-:anrer. 4(F, g 2) and The i,deo camera

R&sul!\

Durln~ n,tlal Gperat, an of th~ ;Our: e. we observed thdt less beam could be

Iranspon.ed to the Farad~y CUP Than w-as expecled The measured ,011 curr~nt on

~fie C,Jp =w-~saround I@ rr:l. wh.>re 30-40 m~’ was expected We observed earli Qn

?tiat #.-her? rmult, -m,ll, ampere bearms -~-!?re extrac?ed from the s~urce, ?h!?
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extractor electrodes would routinely s~o~ together. W-e belleve thlsw-asdu~ to

1~.e high beam Intensity crest’ng a Sufflclent number ofsecondar~ electrons that
++

-vvo~lldget uapoed in the E X B fields in the extrac:or region and cause m~iuple

,onlzat, ons and eventually a breakdown (penning discharge]

Our belief -wa~ suppotied by t~le observation that the d6charge ‘w=ould

extinguish -when el~herthe plasma dens’ty was decreased. or tile m=g~letlc field

w-as tU rfied off

The Dresen: ex~ractor design has operated well enough to allow data to be

Taken and analyzed Because of a compute rfallure. acciulrlng and arlalyzlng

em, ?tafice clata has become a I,me-consuming- manual task As a result. only a

+wi measure mpntsha:e been analyzed and are available at thlst. m?

[Data .A<ereobtained on transportable beam (related tci brlghtnessl versds rf

po+<er and !3 For the case of fixed rf po~er levels the magnetic field seal, ng

rcla~lofis. Eq (6), appear to be suppomed by the data .At IO*- B. bnghtnes~ scal~s

d,rectly=wlth B. and at h,gher B. br, gh~nessgoes as the Inverse of B Thed=:a

jhc,kvn ,n F,g 3 genera”ly supc)ort these results

.
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For the case w-here rf ~ow-er Isvarled at fixed B. ~he scalings [n Eq (7] Indlcare

that brightness should go as rf Po-wer ‘o the three halves for p @ p=,! and as the

square rGot of power for P > P,ar The data In Flg (d) refleclthls behavior a~ the

ex~reme ends of the plor. but the cenfral region IS not well described The

discrepancy Gbserved In the Central region IS most Ilkely caused by the fact tha~

before reaching the saturation densltv. tbe rf po-wer IS heating the electr~ns that

transfer energy to the plasma by lonlzlng neutral atoms, hence Increasing the

plasma densl~y Therefore, the Ion current scaling -would fall some-where

between the t-wo extremes The data generally sIupPo~ this conclusion by

show, ng a constant sloDe over the transit, on region, W-hlch falls bet-ween three

ha:ves and one half The constancy of the slore also lndlcatestha? a transitional

mode ,S occurr, ng. outs, de t~. e trans, t,onal mode. behavior lsdomlnated by The

sc~llng rules In Eq U) After sa~~rat,on IS ach, eved. the rf power goes Into

heat, ng the elections and drlvlng piasma waves. rather tharl Into Increasing

plas,na dens,ly Forth, s reascn. ~h~ brightness IS only a 4unctlon of the pre -

skea~h veloc, tv. wli,cF, scales as the ~quare root of tbe Pl(?CtrOll tem~(?rature In

general. the co~pllng of “ power Inlo a magnetized plasma Is complex. and 10

prnp~rl{ ct=arac~er,ze the behati, or-w,tll seal, ng rules uvould X much more

Cornpl,cated Than the ab@ve analys, ssuggests Hoti-%e+er= ;he abuvt? ruleS Seerm ?(3

mi~~~l the plasma bi?tiati, or al the extreme5c, f [lie ilc-’~e: ‘a”rge



Discussion

ExtractIon of high-current proton beams from an ECRsource connnuesto be

challenging. The ways In which beam formation. Plasma Conflnelment. and

beam qtiallty are Intenwlned makes the sof%ng out of effects com~lex Our

efforts are focused on gelbng the data acqulsltlon computer wor”:lng so a more

thorough scan of em,t~ance parameter space can be made Through this data, a

better determination can be made as to the effects that low extraction energy,

b,gh beam currents, and magnetic field have on the beam emlttance and, hence.

on beam brightness

Ano~her aspect to be addressed In our Program Is the scaling of source

parameters w,th frequenCy Assembly has begun on a 145 GHz microwave

system that -wIII be used to compare frequency effects on the alasma In the

Idenbcal source volume conflguratl~n
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